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(57) ABSTRACT

A projection-type display apparatus includes a setting unit
configured to set a vertical keystone correction value used to
correct a vertical distortion of a projection image and a hori-
zontal keystone correction value used to correct a horizontal
distortion of the projection image, and an image generator
configured to generate an image representing a current verti-
cal keystone correction value and a current horizontal key-
stone correction value that are set by the setting unit, and a
settable range of each of the vertical keystone correction
value and the horizontal keystone correction value from the
current vertical keystone correction value and the current
horizontal keystone correction value.

9 Claims, 4 Drawing Sheets
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1
PROJECTION-TYPE DISPLLAY APPARATUS
WITH A KEYSTONE CORRECTION
FEATURE FOR CORRECTING KEYSTONE
DISTORTION IN A PROJECTION IMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection-type display
apparatus.

2. Description of the Related Art

Keystone correction is conventionally used to correct a
distortion of a projection image of a projector through image
processing (Japanese Patent Laid-Open Nos. (“JPs) 2001-
339671 and 2005-159829) and manual keystone correction is
also available. In the manual keystone correction, a user
inputs a vertical keystone value and a horizontal keystone
value separately. Lens shift correction is also conventionally
used to correct a distortion of a projection image of the pro-
jector through optical processing.

For both the keystone correction and the lens shift correc-
tion, vertical and horizontal correction parameters, such as a
vertical keystone correction value and a horizontal keystone
correction value, are correlated with each other, and thus as
one of them is corrected a correctable range of the other
varies. However, the conventional keystone correction or lens
shift correction does not provide to a user the correctable
range ofthe other of the correction parameters which varies as
one of the correction parameters is corrected, and thus the
operability is poor.

SUMMARY OF THE INVENTION

A projection-type display apparatus according to one
aspect of the present invention includes setting unit config-
ured to set a vertical keystone correction value used to correct
a vertical distortion of a projection image and a horizontal
keystone correction val used to correct a horizontal distortion
of'the projection image, and an image generator configured to
generate an image representing a current vertical keystone
correction value and a current horizontal keystone correction
value that are set by the setting unit, and a settable range of
each of the vertical keystone correction value and the hori-
zontal keystone correction value from the current vertical
keystone correction value and the current horizontal keystone
correction value.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a projection-type display
apparatus (projector) according to a first embodiment of the
present invention.

FIG. 2 is a view of a keystone adjustment menu screen.

FIG. 3 is a block diagram of a projection-type display
apparatus (projector) according to a second embodiment of
the present invention.

FIG. 4 is a view of a lens shift adjustment menu screen.

DESCRIPTION OF THE EMBODIMENTS

Referring to the accompanying drawings, a description
will be given of embodiments of the present invention.
First Embodiment
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FIG. 1 is a block diagram of a projection-type display
apparatus (projector) of a first embodiment. The projection-
type display apparatus includes a controller 1, a memory 2, an
image input terminal 3, an input signal processor 4, a frame
buffer 5, a resolution converter 6, a keystone correction unit
10, and an image converter 20. “OSD” stands for On-Screen
Display.

The controller 1 controls each component in accordance
with a variety of programs stored in the memory 2. The image
input terminal 3 is an input terminal of an image signal output
from a computer and an audio-visual (“AV”") unit. The input,
signal processor 4 determines a signal format based on an
image signal input from the image signal terminal 3, extracts
each pixel data of the image signal in accordance with the
signal format, and sequentially stores it in the frame buffer 5.

The frame buffer serves as a buffer configured to store each
pixel data of the input image signal. The resolution converter
6 reads the pixel data of'an area set by the controller 1 from the
frame buffer and performs enlargement and reduction pro-
cesses.

The keystone correction unit 10 includes an input unit
(setting unit) 11, an OSD image generator 12, an OSD
memory unit 13, an OSD processor 14, and a correction unit
15, and is configured to correct the distortion of a projection
image through image processing by setting a vertical key-
stone correction value and a horizontal keystone correction
value.

The input unit (setting unit) 11 includes an input unit, such
as a button, a lever, a dial, a keyboard, a ten-key, and a
pointing device, and is configured to set a vertical keystone
correction value used to correct a vertical distortion of a
projection image and a horizontal keystone correction value
used to correct a horizontal distortion of the projection image.

The OSD image generator 12 is configured to generate an
image representing a currently set vertical keystone correc-
tion value and a currently set horizontal keystone correction
value, and a settable range of each of the vertical keystone
correction value and the horizontal keystone correction value
from the currently set vertical keystone correction value and
the currently set horizontal keystone correction value. In this
embodiment, the OSD image generator 12 generates an
image of a keystone adjustment menu that two-dimensionally
indicates vertical and horizontal keystone correctable ranges.
However, the OSD image generator 12 may generate an
image of a current position of each of the vertical keystone
correction value and the horizontal keystone correction value,
and a settable range of each of them from the current position
by utilizing a numerical value, a color, and an arrow.

For example, when the settable range may be displayed
with a numerical range. Alternatively, a green image may be
displayed when a difference between the current position and
a correction value as an upper limiting value is equal to or
larger than a predetermined amount, a yellow image may be
displayed when a difference between the current position and
the correction value as the upper limiting value is larger than
0 but smaller than the predetermined amount, and a red image
may be displayed when the current position corresponds to
the upper limiting value. In addition, an image of an arrow of
an upper direction for the vertical keystone may be displayed
until the correction value reaches the upper limiting value,
and the image of the arrow of the upper direction may not be
displayed when the correction value reaches the upper limit-
ing value.

FIG. 2 illustrates a screen that displays an image of a
keystone adjustment menu 12a generated by the OSD image
generator 12. While letters of “keystone adjustment menu”
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are displayed on the upper left portion of the screen, the
display position is not limited and the display itself is arbi-
trary.

The keystone adjustment menu 12a includes a rhombic
area 12b, a vertical bar 12¢, a vertical keystone correction
value 12d, a horizontal bar 12e, and a horizontal keystone
correction value 12f.

The area 12/ contains a plurality of square area used to set
the vertical keystone correction value and the horizontal key-
stone correction value. A rhombic shape of the area 125 is
merely illustrative, and a plurality of square shapes contained
in the area 125 is also illustrative.

As illustrated in FIG. 2, the vertical keystone correction
value can be corrected from —11 to +11, and the horizontal
keystone correction value can be corrected from -14 to +14.
However, the vertical keystone correctable range and the
horizontal keystone correctable range are correlated with
each other.

In other words, the vertical keystone correctable range
from -11 to +11 is available for the horizontal keystone
correction value of 0, and as the horizontal keystone correc-
tion value varies, the vertical keystone correctable range nar-
rows. Similarly, the horizontal keystone correctable range
from —14 to +14 is available for the vertical keystone correc-
tion value of 0, and as the vertical keystone correction value
varies, the horizontal keystone correctable range narrows.

A black square position 125, indicates a current position
(with a vertical keystone correction value of +5 and a hori-
zontal keystone correction value of +7), and these numerical
values are displayed by the vertical keystone correction value
12d on the right end and the horizontal keystone correction
value 12fat the bottom.

Thereby, the user can immediately recognize the current
set value, and a relationship between the current set value and
the limiting set value. For example, the user can recognize
that the vertical keystone correction value of +5 cannot be
increased any more from the current position 125, illustrated
in FIG. 2, if the current horizontal keystone correction value
of +7 is maintained.

Since prior art provide no information of the area 126 to a
user, the user cannot determine whether the correction value
can be increased or decreased from the current position, or
cannot recognize a relationship between the vertical correc-
tion value and the horizontal key stone correction value.
Therefore, the operability is poor.

On the other hand, according to the projection-type display
apparatus of this embodiment, the user can easily recognize
the vertical and horizontal keystone correctable ranges from
the current position. Hence, the user can manually correct the
distortion of the projection image with good operability.

The vertical bar 12¢ has an overall length, a hatched por-
tion, and a black portion. The overall length corresponds to
the vertical keystone correctable range for the horizontal key-
stone correction value of The hatched portion corresponds to
the vertical keystone correctable range for the current hori-
zontal keystone correction value. The black portion corre-
sponds to the current vertical keystone correction value, and
a section from the central value of 0 to the current position is
blacked. A white portion above the current position of +5
means that the current position corresponds to the upper
limiting value and the vertical keystone correction value can-
not be increased any more unless the horizontal keystone
correction value is reduced.

Similarly, the horizontal bar 12¢ has an overall length, a
hatched portion, and a black portion. The overall length cor-
responds to the horizontal keystone correctable range for the
vertical keystone correction value of 0. The hatched portion
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corresponds to the horizontal keystone correctable range for
the current vertical keystone correction value. The black por-
tion corresponds to the current horizontal keystone correction
value, and a section from the central value of O to the current
position is blacked. At the current position of +7, it is illus-
trated that the horizontal keystone correction value can be
increased by +1.

The OSD image memory unit 13 is a nonvolatile memory,
and stores an image, such as the keystone adjustment menu
12a.

The OSD processor 14 is configured to read an image
stored in the OSD image memory unit 13 and superimposes it
onto an image signal input from the resolution converter 6 in
an area set by the controller 1. The OSD processor 14 serves
as graphical user interface (“GUI”) used to displays menu
when the user provides vertical and horizontal keystone
adjustments.

The correction unit 15 performs vertical and horizontal
keystone correction processes with values set, by the control-
ler 1 for the image signal input from the OSD processor 14.
The image converter 20 converts the image signal input from
the correction unit 15 into an optical image. The projector
further includes a projection unit (not illustrated) configured
to project an optical image converted by an image converter
20 onto a screen.

Thus, according to his embodiment, it is easy to recognize
the limiting set, values of the vertical and horizontal keystone
corrections that are correlated with each other, and the user
can manually correct the distortion of the projection image
with good operability.

At the current position 124, illustrated in FIG. 2, when a
manipulation is made to increase the vertical keystone cor-
rection value beyond +5, the controller 1 may move the cur-
rent position 125, to a hatched position 125,, illustrated in
FIG. 2 (with a vertical keystone correction value of +6 and a
horizontal keystone correction value of +6).

Prior art do not respond to a manipulation to set one of the
vertical keystone correction value and the horizontal key-
stone correction value a predetermined set value that exceeds
a limiting value if the other of the vertical keystone value and
the horizontal keystone value is maintained, and there is a
demand of improving the operability.

Accordingly, in that case, the controller 1 may set the
keystone correction value in a target direction that is to be
manipulated by the user to the predetermined value by vary-
ing (increasing or decreasing) the keystone correction value
in a non-target direction that is not to be manipulated.
Thereby, the user can manually correct the projection image
with good operability.

This oblique shift improves the conventional operability
even without a display of the area 125.

In addition, this oblique shift may performed a predeter-
mined time period after the manipulation to set a keystone
correction value beyond the correction value as the current
limiting value is performed. This delay for the predetermined
time period prompts the user to recognize the oblique shift.
Second Embodiment

FIG. 3 is a block diagram of a projection-type display
apparatus (projector) of a second embodiment. The projec-
tion-type display apparatus includes the controller 1, the
memory 2, the image input terminal 3, the input signal pro-
cessor 4, the frame buffer 5, the resolution converter 6, the
image converter 20, and a lens shift correction unit 30. Those
elements in FIG. 3, which are corresponding elements in FIG.
1, are designated by the same reference numerals and a
description thereof will be omitted.
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The lens shift correction unit 30 is configured to correct the
distortion of the projection image through optical processing
by setting a vertical lens shift amount and a horizontal lens
shift amount, and includes an input unit 31, an OSD image
generator 32, an OSD memory unit 33, an OSD processor 34,
and a correction unit 35, as illustrated by a dotted line.

The input unit (setting unit) 31 includes an input unit, such
as a button, a lever, a dial, a keyboard, a ten-key, and a
pointing device, and is configured to set a vertical lens shift
amount used to shift a vertical position of a projection image
and a horizontal lens shift amount used to shift a horizontal
position of the projection image.

The OSD image generator 32 is configured to generate an
image representing a currently set vertical lens shift amount
and a currently set horizontal lens shift amount, and a settable
range of each of the vertical lens shift amount and the hori-
zontal lens shift amount from the currently set vertical lens
shift amount and the currently set horizontal lens shift
amount. In this embodiment, the OSD image generator 32
generates an image of a lens shift adjustment menu that two-
dimensionally indicates a vertical lens shiftable range and a
horizontal lens shiftable range. However, the OSD image
generator 32 may generate an image of a current position of
each of the vertical lens shift amount and the horizontal lens
shift amount, and a settable range of each of them from the
current position by utilizing a numerical value, a color, and an
arrow. This is similar to the OSD image generator 12.

FIG. 4 illustrates a screen that displays an image of a lens
shift adjustment menu 32a generated by the OSD image
generator 32. While the letters of “lens shift adjustment
menu” are displayed on the upper left portion of the screen,
the display position is not limited and the display itself is
arbitrary.

The lens shift adjustment menu 32a includes a circular area
325b, a vertical bar 32¢, a vertical lens shift amount 324, a
horizontal bar 32e, and a horizontal lens shift amount 32f

The area 32/ contains a plurality of square areas used to set
the vertical lens shift amount and the horizontal lens shift
amount. A circular shape ofthe area 325 is merely illustrative,
and a plurality of square shapes contained in the area 325 is
also illustrative.

As illustrated in FIG. 4, the vertical lens shift amount can
be corrected from -10 to +10, and the horizontal lens shift
amount can be corrected from —10 to +10. The vertical lens
shiftable range and horizontal lens shiftable range are corre-
lated with each other.

In other words, the vertical lens shiftable range from -10to
+10 is available for the horizontal lens shift amount of 0, and
as the horizontal lens shift amount varies, the vertical lens
shiftable range narrows. Similarly, the horizontal lens shift
amount from -10 to +10 is available for the vertical lens shift
amount of 0, and as the vertical lens shift amount varies, the
horizontal lens shiftable range narrows.

A black square position 324, indicates the current position
(with a vertical lens shift amount of +7 and a horizontal lens
shift amount of +8), and these numerical values are displayed
by the vertical lens shift amount 324 on the right end and the
horizontal lens shift amount 32fat the bottom.

Thereby, the user can immediately recognize the current
set value, and a relationship between the current set value and
the limiting set value. For example, the user can recognize
that the vertical lens shift amount of +5 cannot be increased
any more from the current position 324, illustrated in FIG. 4,
if the current horizontal lens shift amount of +8 is maintained.

Since prior art provides no information of the area 32bto a
user, the user cannot determine whether the correction value
can be increased or decreased from the current position, or
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cannot recognize a relationship between the vertical lens shift
amount and the horizontal lens shift amount. Therefore, the
operability is poor.

On the other hand, according to the projection-type display
apparatus of this embodiment, the user can easily recognize
the vertical and horizontal lens shiftable ranges from the
current position. Hence, the user can manually correct the
distortion of the projection image with good operability.

The vertical bar 32¢ has an overall length, a hatched por-
tion, and a black portion. The overall length corresponds to
the vertical lens shiftable range for the horizontal lens shift
amount of 0. The hatched portion corresponds to the vertical
lens shiftable range for the current horizontal lens shift
amount. The black portion corresponds to the current vertical
lens shift amount, and a section from the central value of 0 to
the current position is blacked. A white portion above the
current position of +7 means that the current position corre-
sponds to the upper limiting value and the vertical lens shift
amount cannot be increased any more unless the horizontal
lens shift amount is reduced.

Similarly, the horizontal bar 32¢ has an overall length, a
hatched portion, and a black portion. The overall length cor-
responds to the horizontal shiftable range for the vertical lens
shift amount of 0. The hatched portion corresponds to the
horizontal lens shiftable range for the current vertical lens
shiftable range. The black portion corresponds to the current
horizontal lens shift amount, and a section from the central
value of 0 to the current position is blacked. The white right
portion from the current position of +8 means that the current
position is the upper limit and the horizontal lens shift amount
cannot be increased any more unless the vertical lens shift
amount is reduced.

The OSD image memory unit 33 is a nonvolatile memory,
and stores an image, such as the lens shift adjustment menu
32a.

The OSD processor 34 is configured to read an image
stored in the OSD image memory unit 33 and superimposes it
an image goal input from the resolution converter 6 in an area
set by the controller 1. The OSD processor 34 serves as a
graphical user interface (“GUI”) used to display a menu when
the user provides vertical and horizontal lens shift adjust-
ments.

The correction unit 35 performs vertical and horizontal
lens shift correction processes with values set by the control-
ler 1 for the image signal input from the OSD processor 34.

Thus, according to this embodiment, it is easy to recognize
the limiting set values of the vertical and horizontal lens shift
amounts that are correlated with each other, and the user can
manually correct the distortion of the projection image with
good operability.

At the current position 324, illustrated in FIG. 4, when a
manipulation is made to increase the vertical lens shift
amount beyond +7, the controller 1 may move the current
position 325, to a hatched position 325, illustrated in FIG. 4
(with a vertical lens shift amount of +8 and a horizontal lens
shift amount of +7).

Prior art do not respond to a manipulation to set one of the
vertical lens shift amount and the horizontal lens shift amount
a predetermined set value that exceeds a limiting value if the
other of the vertical lens shift amount and the horizontal lens
shift amount is maintained, and there is a demand of improv-
ing the operability.

Accordingly, in that case, the controller 1 may set the lens
shift amount in a target direction that is to be manipulated by
the user to the predetermined set value by varying (increasing
or decreasing) the lens shift amount in a non-target direction
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that is not to be manipulated. Thereby, the user can manually
correct the projection image with good operability.

This oblique shift improves the conventional operability
even without a display of the area 325.

In addition, this oblique shift may be performed a prede-
termined time period after the manipulation to set a lens shift
amount beyond the correction value as the current limiting
value is performed. This delay for the predetermined time
period prompts the user to recognize the oblique shift.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as encompass all such
modifications and equivalent structures and functions.

The projection-type display apparatus is applicable to dis-
playing of an image.

This application claims the benefit of Japanese Patent
Application No. 2009-294204, filed December 2009, which
is hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A projection-type display apparatus comprising:

a setting unit configured to set a vertical keystone correc-
tion value used to correct a vertical distortion of a pro-
jection image and a horizontal keystone correction value
used to correct a horizontal distortion of the projection
image; and

an image generator configured to generate an image that
includes:

a current vertical keystone correction value and a current
horizontal keystone correction value that are set by
the setting unit;

first settable range within which the setting unit is per-
mitted to vary the vertical keystone correction value
based on the current vertical keystone correction
value and the current horizontal keystone correction
value, and outside of which the setting unit is not
permitted to vary the vertical keystone correction
value based on the current vertical keystone correc-
tion value and the current horizontal keystone correc-
tion value;

a second settable range within which the setting unit is
permitted to vary the horizontal keystone correction
value based on the current vertical keystone correc-
tion value and the current horizontal keystone correc-
tion value, and outside of which the setting unit is not
permitted to vary the horizontal keystone correction
value based on the current vertical keystone correc-
tion value and the current horizontal keystone correc-
tion value;

a first maximum range for the vertical keystone correc-
tion value, within which the first settable range falls,
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that is variable as the horizontal keystone correction
value is varied and that is equal to the first maximum
range when the horizontal distortion is not corrected;
and

a second maximum range for the horizontal correction
value, within which the second settable range falls,
that is variable as the vertical keystone correction
value is varied and that is equal to the second maxi-
mum range when the vertical distortion is not cor-
rected.

2. The projection-type display apparatus according to
claim 1, wherein the image generated by the image generator
further includes a two-dimensional area showing the first and
second settable ranges and the current vertical keystone cor-
rection value and the current horizontal keystone correction
value.

3. The projection-type display apparatus according to
claim 2, wherein the two-dimensional area has a rhombic
shape.

4. The projection-type display apparatus according to
claim 2, wherein the two-dimensional area is expressed by a
coordinate system that defines the horizontal keystone cor-
rection value along an X axis and the vertical keystone cor-
rection value along a 'Y axis.

5. The projection-type display apparatus according to
claim 1, wherein as the first settable range becomes wider, the
second settable range becomes narrower.

6. The projection-type display apparatus according to
claim 1, wherein the current vertical keystone correction
value, the first settable range, and the first maximum range
appear in a first area, and the current horizontal keystone
correction value, the second settable range, and the second
maximum range appear in a second area different from the
first area in the image.

7. The projection-type display apparatus according to
claim 1, wherein the current vertical keystone correction
value is displayed in the first settable range, and the current
horizontal keystone correction value is displayed in the sec-
ond settable range.

8. The projection-type display apparatus according to
claim 1, further comprising a controller configured to vary
one of the current vertical or horizontal keystone correction
value when the setting unit receives an input to vary the other
of the current vertical or horizontal keystone correction val-
ues to a value outside of a corresponding one of the first or
second settable ranges.

9. The projection-type display apparatus according to
claim 1, further comprising a projection unit configured to
project the image.



